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This thesis project consists of two parts; Photovoltaic Module and System Fault Reporting Portal (PVFRP) 
and the developed Photovoltaic Array Troubleshooting and Educational (PVT) Facility. The PVFRP was 
established in 2014 and coordinated by Murdoch University in collaboration with the Australian PV 
Institute, Clean Energy Council, University of New South Wales, and Centre for Alternative Technology. 
This particular online fault reporting system was developed to increase the understanding and instigate 
awareness of the PV industry and investors regarding the type of issues and challenges within different 
PV system components in the Australian environment. The objective being to improve the future PV 
system design, component selection, and product improvement in accordance with the Australian 
standards. 
The PVT facility was designed, constructed, tested and developed by Kieran Peters and Murdoch 
University in 2015. The PVT facility is a useful tool in conducting experiments involving series or parallel 
configuration of arrays and investigating shading effects and effectiveness of overcurrent protection 
devices under different fault scenarios. This provides a good exposure for engineering students in 
Murdoch University to learn and analyse techniques and performance of an industry standard PV system 
through various experiments and demonstrations. Thus leading to a better understanding of the PV 
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1.1 Project Description 
This thesis project consists of two parts where each is concerned with theory and practical examples of 
Photovoltaic (PV) system faults. The first part involves the evaluation of data collected via a web-based 
survey, the Photovoltaic Module and System Fault Reporting Portal (PVFRP), whereas the second part of 
this project, is concerned with specific PV array faults which will be applied in the previously developed 
Photovoltaic Array Troubleshooting and Educational (PVT) Facility. Regarding the second part of the 
project, the performance of various overcurrent protection devices under different fault scenarios is 
investigated. All the work conducted and the information acquired is documented in this thesis project. 
1.2 Project Objectives 
The projects aims for this thesis were initially defined as: 
 To identify and investigate similar surveys and reporting systems to the Photovoltaic Module and 
System Fault Reporting Portal (PVFRP). 
 To review the current survey questions, methodologies for analysing the results, and provide an 
update on the analysis of the recent survey results. 
 To evaluate the survey results on PV system location or climate zones. 
 To investigate the performance of the overcurrent protection of the Photovoltaic Array 
Troubleshooting and Educational (PVT) Facility under varying fault conditions. 
 To prepare a thesis project and associated teaching materials which investigate various PV array 
faults using the PVT facility. 
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 During the course of the project, it became apparent that the documentation of the PVT facility 
was lacking appropriate documentation and required some hardware changes and sensor 
additions. This work was important/essential for the PVT facility part of the project and was 
included in the scope. 
1.3 Project thesis outline 
 Chapter 1 provides the introduction and literature review about the thesis project. 
 Chapter 2 is the first section of this thesis project which is concerning the Photovoltaic Module 
and System Fault Reporting Portal (PVFRP) and includes information, issues reported and 
discussions. 
 Chapter 3 contains some information, background research, results, and documentation 
regarding the development towards the Photovoltaic Array Troubleshooting (PVT) facility that is 
the second part of this thesis project. 
 Chapter 4 of this thesis project describes the experiments, results, and discussions conducted on 
the PVT facility. 
 Chapter 5 explains the conclusion of this thesis project and provides future work which could be 
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2. Photovoltaic Module and System Fault Reporting Portal (PVFRP) 
2.1 Previous Evaluation Works 
Numerous reports, journals, books, articles, and thesis concerning photovoltaic have been used and 
referred in constructing this thesis project. All of these resources were used adequately in order to achieve 
good knowledge and identify potential points or ideas which contributed to this thesis project. Some of 
the resources are listed below; 
1. Thesis project by Vijyant Mahajan. (Mahajan 2014) 
 Vijyant’s thesis project investigates the frequency of faults occurring during the operation of 
the PV module system after installation, effects of different climate zones including 
environmental conditions on the operation, reliability, and durability of the PV system based 
on the survey results conducted by the Australian PV Institute (APVI). 
2. Conference Paper by Anis Zaman, David Parlevliet, Martina Calais, Sinisa Djordjevic, Sandy 
Pulseford, Anna Bruce, and Rob Passey. (Zaman, Parlevliet et al. 2014) 
 This conference paper highlights the summary and analysis from the data obtained through 
the Photovoltaic Module and System Fault Reporting Portal (PVFRP). The development of the 
PVFRP is to collect data from owners, operators, installers and inspectors of a PV system who 
report a fault or problem with any related part of a system. The analysis and propagation of 
this PVFRP will benefit and improve the design and development of future PV systems. 
3. Report by Anis Zaman, Martina Calais, and David Parlevliet. (Zaman, et al. 2015) 
 The report provides charts and summaries of the PVFRP entries collected from April 2014 until 
February 2015. The summary consist of the five sections from the PVFRP; PV module, Inverter, 
Module certification, Installations, and other equipment which are all filtered and tabulated 
for statistics and summarisation for publishing purposes. 
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2.2 Project Background 
The first part of the project is related to the evaluation of data from a web-based survey developed for 
anyone who owns, operates, installs or inspects PV systems and who has encountered issues with the 
system. This Photovoltaic Module and System Fault Reporting Portal (PVFRP) was established in 2014. The 
PVFRP is found on www.surveymonkey.com/s/pvwebportal where survey participants are encouraged to 
address and provide information regarding the description of the problems that take place, where they 
take place, and how regularly the problem occurs. (Australian PV Institute 2013) 
The survey aims to enhance future PV system construction including its design, component selection and 
product improvement in Australian conditions by providing better information and understanding of the 
complications issues with PV system components. (Australian PV Institute, Clean Energy Council et al. 
2014) Besides that, any documentation of faults regarding PV products and installations in Australia is 
restricted especially related to the types of problems that occurs and the frequency of that particular 
problem arising. (Zaman, Parlevliet et al. 2014) 
Summaries regarding this information will then be analysed and presented in journals and reports which 
will be made available through Australian PV Institute (APVI), Australian Renewable Energy Agency 
(ARENA) and the Clean Energy Council (CEC) website portals. The survey developed and reviews 
highlighted in reports will expand investment confidence in PV business market by providing information 
on the performance and reliability of PV systems in Australian environments and conditions. (Australian 
PV Institute 2013) 
An example of the survey overview for the PVFRP interface is shown in Figure 1. The survey is tracked by 
the percentage number displayed alerting the progress of the user or respondents. 




Figure 1: Photovoltaic Module and System Fault Reporting Portal (PVFRP) Survey Overview 
2.3 Scope of Work 
The carried out work for this section of the thesis project involved the subsequent tasks; 
 Background research and familiarization with the PVFRP 
 Try out both the original and the revised version surveys simultaneously 
 Identifying the differences and providing comments if any changes are appropriate for the PVFRP 
 Checking data on the latest submission through PVFRP responses 
 Analyzing data on PVFRP and producing results for publication 
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2.4 Summary and Discussions of Faults and Issues Reported 
The PVFRP contained five main reporting sections that were required to be filtered and analysed; ‘PV 
system description’, ‘PV Module’, ‘Inverter’, ‘other equipment’, ‘installation’ and ‘others (general 
comments)’ sections. The PVFRP survey had a total of 444 raw survey data entries collected from the 1st 
of April 2014 until the 16th of December 2015. Some of the entry data from 7th April 2015 until 20th 
February 2015 were filtered, analysed, and updated on February 2015. However, the current raw survey 
containing 184 data entries collected from 21st February 2015 until 16th December 2015 were screened 
and narrowed down to only 30 respondents with 61 number of fault entries to eliminate incomplete 
responses. The entries gathered from these respondents who provided information on faults and issues 
of their PV systems were analysed and briefly discussed in this thesis project. Table 1 shows the number 
of respondents and total of entries for issues reported based on each categories collected from April 2014 
to December 2015 from the PVFRP. 
Table 1: Total number of respondents and total number of entries collected from April 2014 to December 2015 
 April 2014 – 
October 2014 
October 2014 – 
February 2015 
February 2015 – 
December 2015 
Total 
Total number of respondents 25 24 30 79 
Module 18 7 17 42 
Inverter 20 0 13 33 
Equipment 14 5 7 26 
Installation 25 14 18 57 
Module Certification 3 0 3 6 
Open Comments 4 7 3 14 
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Total number of reports / 
Fault entries 
84 33 61 178 
 
 
Figure 2: Number of reports/fault entries from April 2014 to December 2015 based on the PVFRP sections 
Since this part of the thesis project was conducted during the first semester of the one year period in 
ENG470 unit (two semesters / H option), therefore the data were constrained up to this particular 
timeframe (February – December 2015). Based on Figure 2, installation problems seem to be the major 
reported sections with a number of 57 report entries followed by module problems with 42 report entries 
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2.4.1 Respondents based on Type 
Table 2 shows the type of respondents utilising the PVFRP from April 2014 until December 2015 since it 
was first established in 2014. Various types of respondents can be observed through the results obtained 
proving that the PVFRP receives participation from different PV-related organisation and individuals. 
Table 2: Number of respondents based on type from April 2014 to December 2015 
Number Respondents by type Apr 2014 - 
Feb 2015 
Oct 2014 - 
Feb 2015 
Feb 2015 - 
Dec 2015 
Total 
Owner/Operator 17 1 11 29 
Unanswered 0 16 15 31 
Installer 3 3 0 6 
Industry association 2 0 0 2 
Inspector/Auditor 2 0 2 4 
Manufacturer/distributor 1 0 0 1 
Installer cum Manufacturer/distributor 0 1 1 2 
Owner/Operator plus installer 0 1 0 1 
Owner/Operator plus 
inspector/auditor 
0 1 0 1 
Student 0 1 1 2 
TOTAL 25 24 30 79 
 
Based on the total of 79 respondents, the number of respondents from February 2015 to December 2015 
increased slightly from 24 up to 30. Since the PVFRP respondents can report anonymously, the number of 
unanswered respondents by type is 31, the highest among another type of respondents followed by 
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owner/operator with 29. There have also been six respondents from PV system Installers and four from 
PV inspector/auditor. The chart also indicates that two PV industry association and at least one 
manufacturer/distributor has shown interest in reporting through the PVFRP. 
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2.4.2 Respondents based on System Locations 
Based on Table 3 and Figure 4, the latest cumulative update from April 2014 to December 2015 for the 
most respondents have been reported from New South Wales with eight respondents, while five 
respondents have been recorded from Western Australia and Victoria states. Two respondents from 
South Australia and one from the Australian Capital Territory is recorded the least. There has even been 
involvement of oversea respondents reporting through the PVFRP such as from India and Algeria. There 
seem to be no participation of respondents from the Northern Territory and Tasmania. However, there is 
still a majority of 51 respondents who did not provide any information of their location and who or where 
they were from nor their contact details for any possible follow-ups since they prefer to remain 
anonymous. 
Table 3: Number of PVFRP respondents by locations from April 2014 to December 2015 
Number of Respondents by 
system locations 
April 2014- Feb 2015 Feb 2015 - Dec 2015 Total 
NSW 5 3 8 
VIC 5 0 5 
ACT 0 1 1 
SA 0 2 2 
QLD 4 0 4 
WA 4 1 5 
Overseas 1 2 3 
Unanswered 30 21 51 
TOTAL 49 30 79 




Figure 4: Number of respondents of PVFRP by location in Australia 
Figure 4 shows that the respondents from South Australia and the Australian Capital Territory have just 
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2.4.3 Respondents based on PV Array Size 
As for the PV array sizes, based on the recent update of the respondents from April 2014 to December 
2015, most of the reports recorded were for PV systems with 1.1kW to 5kW in size. According to Table 4, 
the sizes of the PV system reported were available between the ranges of 0kW to larger than 10kW. 
Table 4: Number of respondents based on PV system size from April 2014 to December 2015 
 Number of Respondents 
System Size April 2014- Feb 2015 Feb 2015 - Dec 2015 Total 
0 to 1 kW 2 0 2 
1.1 to 3 kW 4 3 7 
3.1 to 5 kW 11 4 15 
5.1 to 10 kW 1 1 2 
Larger than 10 kW 1 2 3 
Unanswered 30 20 50 
Total 49 30 79 
 
The highest PV system size lodged in the PVFRP is the 3.1kW to 5kW with 15 reports and followed by PV 
systems 1.1kW to 3kW with 7 reports. This can be related to the falling price of a PV system over the past 
five years in which 5kW systems could be purchased with a similar price to a 1.5kW system in 2010. This 
also contributed towards the fact of 5kW PV system is the average system size of a residential installation 
in June 2015. (Energy 2015) 
On the other hand, the lowest number of reports based on PV system sizes were either for lower than 
1kW (two respondents) and systems with 5.1kW to 10kW and larger than 10kW with two and three 
respondents respectively. By providing information on the PV array sizes these respondents are using, the 
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correlation between the PV array and the PV system can be determined and to identify the most desired 
and appropriate PV system size for installation. From Table 4, there appears to be a number of 50 
respondents who did not state their PV array size when reporting. Figure 5 shows the bar chart of the 
number respondents according to PV system size. 
 
Figure 5: Number of PVFRP respondents by PV system size 
2.4.4 Respondents based on System Type 
Table 5 displays the number of respondents regarding the system type of either, grid-connected without 
battery or grid-connected with battery or standalone/off-grid that they are reporting. Most of the systems 
reported are grid-connected with no batteries which have 41 reports cumulatively from April 2014 to 
December 2015. This is followed by the amount of the grid-connected with battery and standalone/off-
grid with three reports each. Nonetheless, there are 32 unanswered reports by system type which may 
be due to time constraints or the respondents’ reluctance in stating the PV array size they are utilising. 
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Table 5: Number of PVFRP respondents based on PV system types 
System type Apr 2014 - 
Oct 2014 
Oct 2014- Feb 
2015 
Feb 2015 - 
Dec 2015 
Total 
Grid connected without battery 19 8 14 41 
Grid connected with battery 0 1 2 3 
Standalone/off-grid 1 1 1 3 
Unanswered 5 14 13 32 
Total 25 24 30 79 
 
2.4.5 Respondents based on Year of Installation 
Based on the PVFRP, the respondents were asked to provide information on the installation date of their 
PV system they are using. This might help in regulating any correlation between the periods of operation 
of the particular PV system and the PV system itself as a PV module or system usually degrades with time. 
In addition, this will cause the performance of the PV system to reduce over time as well. 
Table 6: Number of respondents based on year of installation from April 2014 to December 2015 
Year of Installations April 2014- Feb 2015 Feb 2015 - Dec 2015 Total 
2015 0 1 1 
2014 2 2 4 
2013 4 2 6 
2012 1 2 3 
2011 3 2 5 
2010 3 2 5 
Before 2010 3 0 3 
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Unanswered 33 19 52 
Total 49 30 79 
 
Table 6 shows that 27 respondents, cumulatively have reported the date of their PV system installation 
from before 2010 till 2015. However, 52 respondents did not state the date or year of their PV system 
installation. Figure 6 indicates that only one PV system is reported by a respondent which was installed 
on 2015, four systems reported installed on 2014, followed by 6 installations on 2013. In 2010 and 2011, 
there are five installations each by a respondent and three installations each on before 2010 and on 2012. 
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2.4.6 Reports/Entries Based on Module Problems / Fault Types 
In the PV module section of survey questions, there were 10 different predetermined set of module 
problem types for the respondents to choose from including a slot where they can indicate their own 
comment issues. Table 7 shows the number of entries based on module problems or fault types reported 
in the PVFRP from April 2014 to December 2015 from the 79 respondents.  
Table 7: PVFRP reports/entries on module problems/fault types from April 2014 to December 2015 
Module problems/faults type Apr 2014 - 
Oct 2014 
Oct 2014 - 
Feb 2015 
Feb 2015 - 
Dec 2015 
Total 
Glass Breakage 3 1 5 9 
Framing 1 0 1 2 
Cell Discolouration (including cracks or 
snail trails) 
1 1 1 3 
Encapsulant Discolouration 1 2 2 5 
Cell Interconnect (e.g. burn marks) 2 0 2 4 
Backsheet (e.g. bubbling, 
delamination, hole) 
3 0 2 5 
Junction box (e.g.  loose contact, burnt 
diode, etc) 
2 1 1 4 
Module cable or connector (e.g. 
mechanical damage, overheating) 
1 1 1 3 
Water ingress 2 1 0 3 
Others 2 0 2 4 
Total 18 7 17 42 
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Figure 7 shows that glass breakage seems to be the major issue of reports from the total of 79 PVFRP 
respondents. Glass breakage has a number of 9 reports, consisting of five reports in December 2015 
update, 1 report in February 2015 update and three reports in October 2014 update 
PV modules are commonly constructed with 3.2 mm to 4 mm of glass layer on the front and a polymer-
based insulator to be implemented on the back of module. Unfortunately in harsh weather conditions 
such as extreme heat and hail storms, the glass cover on the PV module can be damaged easily. (Mahajan 
2014) Furthermore, glass breakage can also be caused by many factors, including hot spots and improper 
mechanical installations or poor handling of modules during installations. Hot spots occur in PV modules 
when the operating current of the module surpasses the reduced short circuit current of the shaded cells 
within the module. This incident may lead to glass breakage or cracks as a result of extreme heat produced 
at a particular spot in the module. (Cunningham 2011) 
 
Figure 7: Number of reports/entries based on module problems/fault types 
 
ENG470 Engineering Thesis: Photovoltaic Module and System Fault Analysis                                       2016 
26 
 
2.4.7 Reports/Entries based on Inverter Problems / Fault Type 
After considering installation and module sections, inverter issues is also one of the most critical faults 
reported in the PVFRP besides module and installation faults as shown in Table 8. According to Table 8, 
there are 31 number of entries from 79 respondents, where a majority of the inverters experienced 
complete failure with 17 reports while others have partial failures. The Partial failures reported included 
safety issues, relay failures, and grid disconnection issue/inverter remains on after sunset. Generally, any 
faults in the inverters will lead to an immediate impact on the PV system performance and often resulting 
to the partial and complete failure of the system.  
Table 8:  PVFRP reports/entries on inverter problems/faults types from April 2014 to December 2015 
Inverter problems/ fault types April 2014 - 
Feb 2015 
Feb 2015 - 
Dec 2015 
Total 
Complete failure 10 7 17 
LCD display issue from sunlight exposure 1 0 1 
Unknown 1 3 4 
Overheating due to leaf build up in heatsink 1 0 1 
Software issue 1 1 2 
Inverter tripping due to grid frequency variations  1 0 1 
Safety issue 1 2 3 
Relay failure 1 0 1 
Grid disconnection issue/inverter remains on after 
sunset 
1 0 1 
Total 18 13 31 
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In fact, there was a respondent between February 2015 and December 2015 update, commenting on the 
inverter failure stating that the liquidation of the provider, Inspire Solar and subsequent closure of Green 
Tech Solar which affects the particular respondent with no repairs or replacement of the faulty inverter. 
The respondent was also unable to locate a Repair Centre that was willing to attend to the problem 
encountered. Figure 8 shows the segregation of the entries based the fault types. 
 
Figure 8: Number of reports/entries on inverter problems/fault types 
2.4.8 Reports/Entries based on Other Equipment Issues 
Apart from the main components of a PV system having issues, other equipment facing issues may also 
affect the PV system performance and might even lead to a safety hazard. Table 9 shows the number of 
report/entries based on other equipment issues from 79 respondents. 
Table 9: PVFRP reports/entries on other equipment issues from April 2014 to December 2015 
Other equipment issues April 2014- Feb 2015 Feb 2015 - Dec 2015 Total 
PV array isolator 5 2 7 
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Framing/mounting structure 3 2 5 
Rooftop isolator 4 2 6 
Optimizer 2 0 2 
Main DC cable 3 1 4 
Battery 2 0 2 
Total 19 7 26 
 
Figure 9 shows a total of 26 respondents from April 2014 to December 2015 reporting on equipment 
issues: 7 issues with PV array isolators; 5 issues with the mounting structures; 6 issues with rooftop 
isolators; two issues with the optimiser; four issues with the main DC cable and two issues with battery. 
 
Figure 9: Number of reports/entries based on other equipment issues 
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2.4.9 Reports/Entries based on Installation Issues 
Installation related faults are on top of the list among other various PV components in the PV system 
where problems are significantly reported in this PVFRP section. It is clearly important that PV systems 
and components should have been installed in accordance with the Australian Standards. Table 10 shows 
there are 57 PVFRP reports/entries based on installation issues from April 2014 to December 2015.  
Table 10: PVFRP reports/entries based on installation issues from April 2014 to December 2015 
Installation issues Apr 2014 - 
Oct 2014 
Oct 2014 - 
Feb 2015 
Feb 2015 - 
Dec 2015 
Total 
Water ingress into component enclosures 4 3 2 9 
Inadequate cable protection 3 2 2 7 
Inadequate earthing of module frames 2 1 1 4 
Missing or inadequate documentation 2 1 2 5 
Insufficient array fixing 2 0 0 2 
DC and AC wiring inadequately segregated 0 2 1 3 
Incorrect wiring of polarised DC circuit 
breaker 
2 0 0 2 
Inadequate sealing of roof penetrations 
(i.e. roof leaking) 
2 0 1 3 
PV system not allowing roof self-cleaning 
i.e. buildup of leaves etc. 
2 0 1 3 
Inappropriate array location 1 0 2 3 
Use of standard multicore TPS cable for DC 1 0 1 2 
Exposed live conductor 0 1 1 2 
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Incorrect functional earthing 0 1 0 1 
Incorrect or inappropriate labelling 0 1 1 2 
Corrosion of equipment due to contact 
between dissimilar metals 
1 0 0 1 
Inappropriate location for inverter (i.e. 
poor access, poor ventilation, exposed to 
direct sunlight, etc) 
1 0 1 2 
Insufficient ventilation limiting airflow 
around modules 
0 1 0 1 
Incorrect rating of components (please 
specify which component, i.e. cable, 
isolator, fuse etc) 
1 0 2 3 
Others 0 2 0 2 
Parallel strings with different number of 
modules connected in series to the same 
MPPT or charge controller 
0 0 0 0 
Total 24 15 18 57 
 
As displayed in Figure 10, inadequate cable protection and water ingress into component enclosures are 
the two major issues distinguished with a total of 7 and 9 reports respectively. There were also a number 
of reports regarding safety issues on the PV system installations: three reports on the incorrect rating of 
components (e.g. cable, isolators and fuses); two reports on exposed live conductor; two reports on 
incorrect labelling; two reports on incorrect wiring of polarised DC circuit breaker; three reports on DC 
and AC wiring inadequately segregated and four reports on inadequate earthing of module frames. 
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2.5 Comparison of Current and Revised Version of PVFRP 
The PVFRP available on the web currently is relatively easy to access for any respondents around the 
globe, nonetheless they still require an internet connection in order to do so. Although the PVFRP has 
already been established and in service for two years and counting, there may still be changes and revised 
updates to be implemented towards this particular web-based survey. These changes are required in 
order to fulfil the needs and ease of respondents when going through the PVFRP since it must be user 
friendly, efficient and less time consuming when carrying out the survey. Therefore a revised version of 
the survey was developed which can be found on (not yet updated onto PVFRP main webpage) 
https://www.surveymonkey.com/r/revised_pvportal. 
The revised version of the PVFRP was tried out to make comparisons and identify any discrepancy 
between the revised and the current available version of the surveys. There were some modifications in 
the revised version PVFRP approach of how the questions were targeted for the survey participants while 
maintaining the original content of the survey questionnaire. Information such as the PV system size, 
postcode of installation, year of installation and the PV system size was made compulsory for the survey 
participant to acquire at least some basic details or location for analysis thus making the data entry 
obtained reliable and relevant of its purpose as a fault reporting portal (PVFRP). In fact, the respondents 
are encouraged to provide at least one means of communication (phone or email) for clarification 
purposes. 
The revised version of PVFRP was found out to be less time consuming. Unlike the current version of 
PVFRP, where respondents are required to fill up a lot of personal detail especially on the location section 
questions. Then the PV sizing section continues on to the next page with so many system descriptions 
required to be provided. This makes the current version of PVFRP to be very likely time consuming since 
this information is typically provided in the PV installation or in the user manual. 
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Apparently, the revised version of PVFRP allows the respondents to complete the survey questions in a 
short time since they have the opportunity to choose what PV components options they would like to 
report on which directs them to the relevant page as shown in Figure 11. The current PVFRP version were 
dissimilar to the revised version of PVFRP, where respondents were required to bear with the progression 
of each of the PV component sections in the survey although they are done or did not have any fault 
related to report on that matter. 
However, the module certification issue questions have also been amended with inclusions of options 
such as: modules have missing labels; module labels have parameters missing and module labels have 
multiple ratings. Thus removing of the following options; poor quality modules are being sold as top 
quality products, modules have lower power ratings than the nameplate ratings, and modules are not 
correctly labelled. The revised version of PVFRP has also provided the respondent an option of choosing 
the “No, I’ve finished reporting,” statement, leading the respondent to the last page after reporting a 
particular section, indicating the completion of survey. 
 
Figure 11: Provided reporting options for PV components for an efficient way of reporting in the Revised version of PVFRP 
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Table 11 below shows a brief comparison between the current version and the revised version of the 
PVFRP 
Table 11: Brief comparison between the current and revised version of PVFRP 
Current PVFRP version Revised PVFRP version 
1. Questions on Personal details sections 
    (locations) are long and time-consuming. 
2. A lot of details needs to be filled up on system 
    description and type of PV system. 
3. The PV related questions are in sequence and 
    the user has to go through each part of the PV 
    system to report a particularly related problem 
    or fault. 
4. After modules, certification, and labelling, 
     which are the primary reporting questions, 
     leads to the inverter and followed by other 
     equipment. 
5. The actual reporting of the problem in PV 
     installation becomes time-consuming as the  
     user has to go through each page progress till  
     the end of the survey. 
1. Alternatively short, straight to the name, 
    phone, E-mail. 
2. Promptly asks for PV array capacity (kW), 
    postcode of installation and year also, type of 
    system. 
3. Which then bring the user in reporting either 
    of these options given and users can basically 
    skip unnecessary report sections. 
 PV module 
 Inverter 
 Other equipment 
 Installation 
 Others (general) 
4. Module certification issues are amended with 
     relevant questions. 
5. Flexibility by providing the respondents 
    an option of “Not available” or “Not 
    applicable” if they are unsure or unable to 
    answer a particular question. 
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3. Photovoltaic Array Trouble Shooting & Educational (PVT) Facility 
3.1 Literature Review 
The second part of this thesis project is a continuance work done by Kieran Peters and Murdoch University 
on the design and development of the PVT Facility for his final year engineering thesis in 2015. The 
construction and testing of the PVT Facility was possible due to his documented work and research 
findings which have also provided a significant resource for this project report. Kieran Peters has expressly 
included descriptive diagrams and data sheets for the parts and components installed which were broadly 
used throughout the project. 
The development of the PVT Facility was completed in accordance with the installation and safety 
requirements set by the Australian Standards which are: 
• AS5033:2014 - Installation and safety requirements for photovoltaic arrays 
• AS3000:2007 - Wiring rules 
• AS3008.1:2010 Electrical Installations – Selection of cables 
There were few other existing thesis project and articles which were PV oriented and conducted at 
Murdoch University including Kieran Peters’ which was examined and used as reference for this project 
report such as: 
1. Thesis project by Kieran Peters. (Peters 2015) 
 Kieran’s thesis project involved the design and development of the PVT facility as a platform 
for conducting PV experiments for Renewable Energy Engineering students and also for 
demonstrations during Murdoch University Open day. This will benefit the students and 
provide better practical understandings of the PV systems. 
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2. Thesis project by Mael Riou. (Riou 2012) 
 Mael Riou’s thesis project proposes the implementation of a monitoring system for developed 
PV training facility constructed on the rooftop of the Engineering & Energy building in 
Murdoch University. The basic design of this monitoring system was to fulfil common 
requirements in monitoring PV array performances for the training facility. 
3. Journal article by Mohammed Khorshed Alam and Faisal H. Khan. (Alam and Khan 2013) 
 This article provides evidence of a lack of knowledge among PV system manufacturers and 
installers regarding various PV faults. This article also describes various faults in a PV system 
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3.2 Project Background 
The Photovoltaic Array Troubleshooting and Educational Facility (PVT Facility) located in the Murdoch 
University Engineering Building 220 is shown in Figure 12. This facility is a small scaled configurable array 
of photovoltaic modules which offers a range of measurement, testing, and data logging capabilities 
available for staff and students. The facility was designed, constructed, tested and delivered by Mr. Kieran 
Peters and Murdoch University to meet the requirements of an undergraduate engineering honours 
thesis. (Peters 2015) 
 
Figure 12: Photovoltaic Array Trouble Shooting and Educational (PVT) Facility 
The facility also allows the safe operation and the testing and measurement of the currents and voltages 
of the connected PV arrays where series or parallel and bypass diodes connections, including the reliability 
of the over current protection of the PV Array under various fault conditions, can be investigated. 
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Due to this, fault finding scenarios can be implemented on the facility which requires conducting of tests 
and electrical installations to determine the fault and type of fault or even justify if the installation is 
operating in the correct manner. Fault finding on the built facility is an engaging and interactive way for 
students or even any photovoltaic operator to understand the importance of this activity because, in some 
cases, faults on PV arrays can be dangerous as it is very hard to detect with the naked eye and might even 
cause a fatality. (Peters 2015) 
The facility was constructed as a learning tool so that it could be used for future students as a physical 
hands-on experiment tool and also for measurement and thesis research purposes in according to the 
Australian industry standards and techniques. 
3.3 Scope of Work 
For this section of the thesis project the work undertaken includes the following tasks; 
 Background research and familiarization with the PVT facility operation 
 Operating the PVT facility under standard test conditions (STC) 
 Recording and analysing IV curves obtained using PROVA solar module analyzer 
 Development and documentation of a new wiring diagram for PVT facility 
 Research and selection of back panel PV temperature and irradiance sensor 
 Producing fault experiment procedures 
 Performing fault experiments on PVT facility 
 Investigation and documentation for future work to be executed on the PVT facility 
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3.4 PVT Facility Development 
3.4.1 Component Installation and Rewiring Work 
As the PVT Facility was used, it was found that the original wiring diagrams did not correspond to the 
physical layout of connections within enclosure A and enclosure B, which prevented the progress of 
further development of the PVT facility. Hence, a whole new set of drawings had to be produced to be 
able to operate the facility correctly. The first step was liaising with Kieran Peters, who originally designed 
the PVT Facility, and also liaising with technicians David and Jeff to help out with clarification and cross 
checking of the Visio wiring diagrams against the physical PVT Facility wiring and setup. 
The PVT Facility had discrepancies between panel labeling and modules wired into the strings in enclosure 
B. This was rectified by brainstorming together with Kieran and Martina so that the connection of the 
modules wired into the strings in enclosure B is modified without interfering with the original designed 
against the front panel B parallel string connections. Therefore, we came up with an agreement of the 
arrangements as per drawing shown in Figure 14 which was developed for the argued system shown in 
Figure 13. This part of the physical wiring modification was done by Jeff with my assistance in correlating 
the previous arrangement and the latest arrangement of the wiring diagram. 
 
Figure 13: Arrangement of PV Module terminal block before rectification 




Figure 14: Arrangement of PV Module terminal block after rectification 
A fault isolator switch was necessary to be included to enable a safe application of a fault onto the PVT 
facility. When the fault isolator switch is activated, the connection between the midpoint of string A-B or 
C-D or E-F or G-H modules is shorted resulting in a string fault. The installation of the fault isolator as per 
drawing in Appendix G was provided whereas the physical fault isolator switch was to be installed on the 







Figure 15: Location of Fault Isolator to be installed on the side Panel B Box 
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Unfortunately, the installation of the fault isolator was delayed since there were time constraints and due 
to workload of the technician responsible. In spite of this, an alternative method of installing the fault 
switch was done temporarily onto the PVT facility. This was achieved by using the unused 6Amps DC 
breaker as the temporary fault switch located on the upper level of the terminal block in enclosure B. The 
temporary fault switch was wired in using a brown coloured cable to easily differentiate between the 
other wirings and is functioning correctly. The setup is shown in Figure 16 and the full wiring diagram in 
Appendix H. 
 

































Note: 6 Amps DC breaker 
(upper level terminal 
block of enclosure B)
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3.4.2 Wiring Documentation 
Kieran Peters did an excellent job on the design and development of the PVT facility. However, the existing 
wiring documentation was very confusing. Major changes were made on the layout of the wiring diagram 
since the arrangements of terminal blocks and wiring assembly did not correspond to the existing 
documentation. 
Furthermore, the original design of the wiring diagrams for enclosure A and enclosure B, each had three 
associated parts of drawing documents consisting of upper, middle and lower level wiring diagrams 
(shown in Figure 17, 18, and 19). Due to simplicity considerations, these were combined and refined into 
one wiring diagram drawing document one of each for enclosure A and enclosure B. 
 
Figure 17: Upper level wiring diagram (Original drawing) 




Figure 18: Middle level wiring diagram (Original drawing) 
 
Figure 19: Lower level wiring diagram (Original drawing) 
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Figure 21 shows the new wiring diagram corresponding to the actual physical setup and wiring assembly 
of enclosure A, in Figure 20.  
 
Figure 20: Physical layout of PVT Facility wiring assembly (Enclosure A) 
 
Figure 21: Enclosure A wiring diagram (New drawing) 
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Figure 23 also graphically shows the new wiring diagram corresponding to the actual physical setup and 
wiring assembly of enclosure B, in Figure 22. 
 
Figure 22: Physical layout of PVT Facility wiring assembly (Enclosure B) 
 
Figure 23: Enclosure B wiring diagram (New drawing) 
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Besides that, labelling and numbering of connections and components were not present either for the 
front panel nor for the wiring diagrams which had to be included. The Visio drawings were amended 
accordingly as per the agreed format of numbering and labelling. Even the bypass diodes connections 
were drawn in detail in the new set of Visio drawings displaying alternating positions of the diodes instead 
of just single blocks of bypass diodes. Other information such as types and cable size and component 
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3.4.3 Designing the PVT Facility Title 
The PVT facility has been in operation and obviously used in this thesis project since it was last fully 
developed. However, the PVT facility lacks any physically displayed title. Therefore, a few designs were 
made using Microsoft Office Visio and proposed. In the end, one design was approved by Martina, the 
Supervisor for this thesis project and is to be implemented onto the middle pane (sensor panel) of the 
PVT facility as shown in Figure 24. The approved design for the title of the PVT facility included a feature 
where the pyranometer (SP-110) is to be embedded into the alphabet “O” of the Murdoch University 
letters is shown in Figure 17 below. 









Pyranometer (SP-110) embedded into the “O” 
alphabet of Murdoch University letters
 
Figure 24: Design for the title PVT Facility to be implemented onto the middle panel 
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Figure 25 below illustrates the title of the PVT facility after implementation onto the sensor panel. 
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3.5 Selection and Inclusion of Sensors 
The PVT facility had to include sensors such as pyranometers and temperature sensors (for PV modules) 
in order to function as an adequate troubleshooting and educational facility. The pyranometer will assist 
in the orientation of the PV modules to acquire high exposure of direct sunlight during operation of the 
PVT facility. The PVT facility is able to tilt upwards and downwards, and is built on wheels so that it can 
be operated to face a desired angle. As for the temperature sensor, it will assist in measuring the 
temperature of the solar modules either on the back or front panels for the PVT facility to evaluate the 
performance. The dedicated sensor panel will be located in the middle panel of the PVT facility as shown 
in Figure 26. 
 
Figure 26: Dedicated sensor panel in the middle pane of PVT facility 
3.5.1 Back of PV Module Temperature Sensor 
Temperature can be considered as only the most commonly measured environmental parameters in the 
world. (Keränen, Mäkinen et al. 2010) Temperature measurements in this thesis project are in degree 
Celsius (⁰C) generally the back of the PV module temperature will be measured. Different sensors have 
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different properties such as the contact method, temperature range, calibrating method and its sensing 
element. (B. C. Yadav, Richa Srivastava et al. 2012) 
There is a comprehensive range of temperature sensors on the market, but they all vary by having 
different particular characteristics and applications. The primary objective of temperature measurement 
on the PVT facility is for measuring and displaying the temperature of a PV module instantly without data 
logging purposes. 
A precise measurement of a PV module temperature is vital varying from the determination of the normal 
operating cell temperature to the performance analysis especially towards utility-scale PV generation 
plants. Thus, module temperature is an essential parameter used in performances models and is crucial 
for the interpretation of an I-V curve data to standard test conditions (STC). Sadly, temperature 
measurement is challenging to gauge with precision because it is totally reliant on the methods and 
techniques on how the probe is attached to the module. (Smith, Kurtz et al. 2011) 
Four types of instruments were considered for the back of module temperature measurement for the PVT 
facility as follows: thermocouples (TCs), Resistance Temperature Detectors (RTDs), thermistors, and 
infrared temperature sensors. 
Thermocouples are made out of semiconductor materials or dissimilar metals which produce a voltage 
which varies with temperature. The selection of the thermocouple type must signify the highest amount 
of the overall temperature range of the particular device to be measured. Therefore, type T 
thermocouples are most likely suitable for the back of module temperature measurements with a range 
of -200⁰C to 300⁰C. (Smith 2015) 
Thermistor and RTDs are resistive devices which change their resistance proportional to temperature. 
Although thermocouples generate a signal voltage, thermistors, and RTDs both require the use of a Data 
Acquisition System (DAS) to provide an excitations signal to the thermistor or RTD so that the variable 
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resistance across a particular device can be measured. (Smith 2015) Furthermore, thermocouples and 
thermistors have lower sensor costs compared to RTDs although RTDs tend to display an exceptional 
accuracy over an extensive temperature range and represents the fastest growing segment among 
industrial temperature sensors. (Minco 2016) 
Infrared temperature sensors use optical elements to measure the temperature of a required surface. 
Compared to thermocouples, infrared sensors measure almost the actual temperature depending on the 
accuracy, while thermocouples may exhibit measurement besides the panel temperature (environmental 
influence). Although thermocouples are very cheap, they tend to show lower accuracy compared to RTDs 
and infrared temperature sensors. However, the colour and reflectivity of the surface they are aimed may 
influence the accuracy of these devices. (Smith 2015) 
The real advantage of this sensor for the PVT facility is that it is portable and can be used to measure not 
only the back of module temperature but also the front side of the PV modules. Besides, as mentioned 
earlier, the measurement will not require any DAS for data logging purposes since it will be used just to 
measure and display the current temperature measured by the particular PV module. Despite the fact of 
not needing any DAS, the sensor still has a USB interface including data memory capability for data logging 
and storage purposes if necessary. Not to mention, the sensor has an acceptable accuracy and 
temperature range, and is relatively inexpensive. 
Therefore, the infrared temperature sensor was chosen as the temperature sensing element for the PVT 
facility after discussion and approval by Martina, leading to research and follow up on suppliers for 
purchasing of the sensor. Table 12 shows some of the characteristics of the chosen infrared temperature 
sensor OS1372D from Omega Engineering. 
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Table 12: Specification of chosen temperature sensor for PVT facility (infrared thermocouple type-K) 
Specifications of infrared temperature sensor OS1372D 
Reference OS 1372 D 
Type Infrared Type-K Thermocouple 
Measurement Range -35⁰C to 500⁰C 
Accuracy ±2% reading or ±2⁰C 
Emissivity 0.17 to 1.00 
Data Memory Capability Auto:      21,000 set 
Manual: 99 set (direct reading from LCD) 
 
3.5.2 Solar Irradiance Sensor 
The sun is a nuclear reactor and its energy is discharged as radiation as the output can be measured based 
on the sun oriented surface temperature. The electromagnetic range of the daylight incorporates 
wavelengths originating from the infrared to the ultraviolet. (Hidalgo, Martinez et al. 2012) This large 
range of electromagnetic ranges is called solar radiation. (Gueymard and Myers 2008) 
There are three main devices to measure solar irradiance over the Earth’s surface and measurements are 
expressed as solar irradiance in watt per square meter (W/m2). Some of these devices are listed below 
(Brock and Richardson 2001); 
 Pyranometers which measures direct and diffuse solar irradiance 
 Pyrheliometers measuring the direct solar irradiance 
 Albedometers that measures reflected solar irradiance 
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Pyranometers can be classified into two categories. Firstly the ones that operate based on thermopile 
detectors engineered in a circular design under a high-quality quartz dome or glass which is the expensive 
kind and costs several thousand dollars. Another is an inexpensive type which uses silicon solar cell 
detectors. The silicon solar cells are semiconductor devices comprising of thin sheets of silicon “doped” 
with impurities, an excess of free electrons (N-type dopant) and a discrepancy of electrons (P-type 
dopant). (Brooks 2008) 
The available pyranometer commonly used and tested for the thesis project at Murdoch University is the 
SP Lite 2 Silicon cell pyranometer from Kipp & Zonen. The sensor was used because of its high accuracy, 
stability, low temperature dependency, fast response, and acceptable temperature range. (Riou 2012) 
Numerous solar energy measuring devices use silicon detectors which include reference cells due to faster 
responsivity than thermopile detectors, and also because they are inexpensive and require low 
maintenance. (M. Sengupta, P. Gotseff et al. 2012) 
After a brief research and approval from Martina, the SP-110 Apogee Silicon Pyranometer was chosen as 
the solar irradiance sensor to be used with the PVT facility. Many suppliers were contacted for the SP-110 
including its specification and information, and eventually, Campbell Scientific was the preferred supplier 
for purchasing this sensor at a reasonable price. 
The SP-110 is a self-powered sensor and has a millivolt output and is integrated with a silicon-cell 
photodiode which measures total shortwave radiation in its spectral range of 360 to 1120 nanometers. 
The sensor housing pattern of the SP-110 is designed with a dome-shaped head causing the sensor to be 
weatherproof and self-cleaning. (Scientific 2016) 
Table 13 shows the specification of the chosen pyranometer (SP-110) and mounted onto the sensor panel 
of the PVT facility. 
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Table 13: Specification of chosen pyranometer (SP-110) for PVT facility 
Specifications of SP-110 silicon cell pyranometer 
Spectral Range 360 to 1120 nanometers 
Type Silicon Cell 
Output Responsivity          = 0.2 mV per W/m2 
Full sunlight           = 220 mV (1100 W/m2) 
Calibration Factor = 5.0 W/m2 per mV 
Range                      = 0 to 350 mV (0 to 1750 W/m2) 
Absolute Accuracy ±5% for daily total radiation 
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4. PVT Facility Experiments 
Experiments were conducted on the Murdoch Engineering Building 220 rooftop using the PVT facility in 
order to test and analyse the effect of faults on the PV modules. 
4.1 PV Panel Shading Experiments 
Experiment 1: Effects of Partial Shading on Photovoltaic Modules 
Objectives and Aims: 
1. To learn and familiarize yourself with the Photovoltaic Array Trouble Shooting & Educational (PVT) 
Facility. 
2. To explore the effects of Bypass Diodes on the IV characteristics of PV modules. 
 To familiarize yourself with using an IV curve tracer 
 To measure the IV curves of a partially shaded PV modules with and without using bypass 
diodes. 
 To investigate the effects of various sizes of partial shadings on PV modules. 
Background Theory: 
PV systems produce power in proportion to the intensity of sunlight striking the solar array surface. The 
intensity of light on a surface varies throughout a day, as well as day to day, so the actual output of a solar 
power system can vary substantial. There are other factors that affect the output of a solar power system 
such as bypass diode failure. 
In order to protect shaded solar cells from breakdown, bypass diodes are implemented. Diodes are 
devices that allows current to flow in one direction only and are known as bypass diodes and used as a 
safety device in a solar panels, one in parallel with each solar panel respectively in order to provide a low 
resistance line. 




 PVT Facility control panel enclosure A panel as shown in Appendix B 
 PROVA 210 Solar Module Analyzer ‘IV Curve Tracer’ (with custom banana leads) 
 2 – 3 Handheld Digital Multi-meters (DMMs) 
 Temperature Sensor 
 Banana leads 
 Shading device 
Safety Requirements: 
This experiment involves the handling and moving of the PVT facility in an outdoor environment. The 
experiment also involves connections with voltages up to 91V D.C. and currents up to 15A. Covered, sturdy 
shoes and sun protection are required. Although arcing is unlikely in this experiment, great care should 
be taken that all electrical connections are checked for tightness. 
PLEASE NOTE: 
Please operate ONLY ONE enclosure at a time when conducting any experiments on the PVT Facility. DO 
NOT attempt to switch on and operate both enclosure A and B at the same time. This experiment also 
involves the use of valuable equipment (PROVA 210, Infrared Temperature Sensor OS 1372 D) worth well 
in excess of $1,000. Prior to using the equipment, you are expected to familiarise yourself with this 
equipment and if in doubt on how to use it, ask your tutor and/or consult the manuals. You are expected 
to handle these equipment carefully and responsibly. Any irresponsible use, damage or negligence may 
lead to exclusion from further laboratories in this unit. 
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Circuit connections (Enclosure A Panel): 
PROVA Solar Module 
Analyzer 210
Module A (Half Cell Shading)
 
Figure 27: Connections on Module A, Enclosure A front panel for Experiment 1. 










Figure 28: Example of various shading types on module B, C, and D. 
Procedure: 
1. Ensure the Battery switch is OFF and the System DC Isolator is switched OFF for both enclosure A 
and enclosure B. 
2. Connect the PROVA unit to the positive and negative terminals on module A (or any one module), 
of the enclosure A front panel using banana leads as shown in Figure 27. 
3. Ensure that all module circuit model switches are in ON (1) binary position and all breakers are in 
ON position. 
4. Engage the system by switching on the System DC Isolator to ON position and the Battery switch 
to ON position. 
5. Note the module temperature and solar radiation in the plane of array. 
6. Trace the IV curve for the following module using the PROVA by pressing AUTO SCAN. Make sure 
to record the traced IV curve by pressing REC and take note the time of recording. 
7. Move the three vertically-oriented module circuit model switches to the OFF (0) binary position. 
8. Repeat steps 4 to 6. 
9. Disengage the system by switching the System DC Isolator switch to OFF position. 
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10. Perform recordings for each of the following conditions using steps 4 to 9  of the procedure 
provided (sample is shown in Figure 27 and Figure 28); 
a. Half-cell shading with bypass diode 
b. Half-cell shading without bypass diode 
c. Large half-cell shading with bypass diode 
d. Large half-cell shading without bypass diode 
e. One cell shading with bypass diode 
f. One cell shading without bypass diode 
g. ‘Bird dropping’ shading with bypass diode 
h. ‘Bird dropping’ shading without bypass diode 
11. Discuss your results and clearly identify the effects of bypass diodes on the IV and PV 














A. Half-cell shading with and without bypass diode 
 
Figure 29: IV curve for half of one cell shading 
 
Figure 30: PV curve for half of one cell shading 
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B. Large half-cell shading with and without bypass diode 
 
Figure 31: IV curve for A-B string large half-cell shading 
 
Figure 32: PV curve for A-B string large half-cell shading 
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C. One cell shading with and without bypass diode 
 
Figure 33: IV curve for one cell shading 
 
Figure 34: PV curve for one cell shading 
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D. ‘Bird dropping’ shading with and without bypass diode 
 
Figure 35: IV curve for "bird dropping" shading 
 
 
Figure 36: PV curve for "bird dropping" cell shading 
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Experiment 1 was conducted using the PVT facility control panel of enclosure A. The results of IV and PV 
curves were obtained using PROVA ‘IV curve tracer’. Various type of shading sizes were carried out. This 
experiment managed to demonstrate the behaviour of shaded modules through the IV characteristics in 
a low voltage and safe environment. It can be observed that when the cells are shaded without the bypass 
diode, the IV curve is limited to the short circuit current (Isc) shaded cells. Therefore a significant amount 
of power is dissipated in these shaded cells. However, with availability of the bypass diode on the shaded 
module, the shaded cells which are pushed into reverse-biased mode. This was observed as the currents 
flowing through bypass diode pathways when measured on the control panel A, bypassed the shaded 
cells, to the middle of the string of cells within the module. This shows that the bypass diode plays a 
protection role in mitigating or limiting the effect of reverse voltage by providing alternative current paths. 
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4.2 PV Array Fault Experiments 
Experiment 2: String Faults (Reverse Currents) Analysis 
Objectives and Aims: 
1. Identify the location and effects of a short circuit fault in one of the strings. 
2. Investigate the effects reverse currents in modules in an array with several strings in parallel. 
3. Determine if the over current protection devices are likely to activate when a string is affected by 
short circuit fault. 
Background Theory: 
According to AS5033-2.1.8, faults current depends on the number of strings, fault location and irradiance 
level. Therefore fault currents are considerably higher than the minimal operating current, causing 
detection of short circuit in a PV array to be very challenging. Minimising any line-to-line faults, earth 
faults and poor wire disconnections might reduce or prevent any electric arcs. (Standards-Australia 2014) 
Equipment: 
 PVT Facility control panel enclosure B panel as shown in Appendix D 
 4 – 6 Handheld Digital Multi-meters (DMMs) 
 Handheld DMM wired onto the pyranometer of the PVT facility 
 Temperature Sensor 








This experiment involves the handling and moving the PVT facility in an outdoor environment. The 
experiment also involves connections with voltages up to 46V D.C. and currents up to 15A. Covered, sturdy 
shoes and sun protection are required. Although arcing is unlikely in this experiment, great care should 
be taken that all electrical connections are checked for tightness. 
PLEASE NOTE: 
Please operate ONLY ONE enclosure at a time when conducting any experiments on the PVT Facility. DO 
NOT attempt to switch on and operate both enclosure A and B at the same time. This experiment also 
involves the use of valuable equipment (PROVA 210, Infrared Temperature Sensor OS 1372 D) worth well 
in excess of $1,000. Prior to using the equipment, you are expected to familiarise yourself with this 
equipment and if in doubt on how to use it, ask your tutor and/or consult the manuals. You are expected 
to handle these equipment carefully and responsibly. Any irresponsible use, damage or negligence may 
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Circuit connections (Enclosure B Panel): 
 
Figure 37: Circuit connection on control panel enclosure B with 3 parallel strings 
Procedure: 
1. Connect three DMMs as ammeters inline for each string A-B, C-D, and E-F on the module circuit 
diagram to display current I1, I2, and I3 movement through each string. 
2. Connect the fourth DMM to positive and negative rail to measure voltage across the terminal. 
3. Bridge the banana leads across each string to connect up to three strings in parallel, as shown in 
Figure 37 
4. Ensure the Fault Isolator Switch is in the OFF (0) binary position. 
5. Engage the battery switch and the System DC Isolator to ON position. 
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6. Measure the currents flowing through each string as the module operates. Note the current 
produced in each string. 
7. Disengage the system by switching the System DC Isolator to OFF position. 
8. Now, engage the Fault Isolator Switch to ON position. 
9. Engage the system by switching ON the System DC Isolator. 
10. Measure the currents flowing through the circuit as the module operates. Note the currents 
produced in each string. Any changes observed? If the string overcurrent protection actuates, 
disengage the system using the System DC Isolator switch to OFF position, wait one minute then 
proceed. 
11. Disengage the system by switching OFF the System DC Isolator. 
12. Compare the current flows in each string and investigate how the fault affects these currents. 
Results/Conclusion: 
Experiment 2 was conducted using the PVT facility enclosure B control panel. The fault implemented onto 
the string exhibited the expected behaviour of a short circuit string fault. This experiment was conducted 
with 3 strings in parallel while connected with an overcurrent protection device provided onto the control 
panel of enclosure B to observe the actuation and limitation of the devices in PV arrays. 
Table 14: Measured voltage across the array and currents (I1, I2, I3) of each strings 
 Fault Switch OFF Fault Switch ON 
Voltage (V) 39.92 22.16 
I 1 (A) 0.05 -3.95 
I 2 (A) -0.07 2.43 
I 3 (A) -0.06 1.21 




Figure 38: Results of fault string current measurement 
The currents and voltage were measured using DMMs and results are shown in Table 14 and Figure 38. 
The results indicate that the string is impacted by this short circuit fault resulting in the reverse current. 
When the fault switch was switched ON, the overcurrent protection devices actuated since the measured 
current at I1 is greater than the nominal operating current. The breaker tripped within approximately one 
to two minutes after activating the fault switch. This experiment is an interesting way to investigate the 
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5. Conclusion and Future Works 
5.1 Thesis project Conclusion 
The first part of the thesis project involves the use of the PVFRP. In conclusion, all the data entries 
collected from the PVFRP were filtered and analysed. It can be observed that as time progresses, the 
reports obtained from the PVFRP seems to increase which shows that this medium of reporting is serving 
its purpose although results show that there are relatively few responses at this current stage. Besides 
that, the interface of the survey needs an upgrade to shorten the time of any respondents using the PVFRP 
making it more user friendly and hopefully more widely used. Information collected through analysis of 
the PVFRP will hopefully be published regularly to address problems regarding PV systems which are tend 
to be reported. Thus encouraging the manufactures or supplier in the PV industry to improve their 
methods or standards in developing a better PV system in the future. 
The second part of the thesis project involve experiments conducted using the PVT facility. In conclusion, 
the PVT facility demonstrated the effects of module shadings and reverse currents which indicates the 
benefits of such a tool for teaching and demonstration purposes in accordance with the Australian 
Standards. Many more fault experiments can be conducted using the PVT facility for engineering students 
and even be used for demonstration purposes such as during Murdoch University Open day. This will 
expose and provide practical hands on experience of the industry standard components and methods of 
developing or operating a PV system. 
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5.2 Future Work Recommendations 
1. Collect and analyse yearly data entries obtained through the PVFRP so that a wide range of entries 
can be analysed. 
2. Replacing the current version of PVFRP with the revised version  
3. Modify the PVFRP survey questionnaire concept whereby it does not record any data entries that 
are not completed with 100% progression. 
4. The PVFRP requires new analysis and updates on the latest survey data entries. 
5. Conduct various experiments and exposure in using the PVT facility which includes, series/parallel 
configurations, shading effects, string fault scenarios and earth fault issues. 
6. Integrate more sensors onto the PVT facility such as ambient sensors and wind speed. 
7. Implement data logging capabilities for the PVT facility including a port to attach the logger. 
8. Pending installation of components such as motor (tilting mechanism), fault switch isolator and 
labelling.




Appendix A: PVFRP Open comments from respondents 
These show open comments from respondents obtained from the PVRFP along with their respondent ID 
for feedback purposes.   
Open Comments. Respondent ID 
Urgently require expert guidance to inspect repair 
replace as necessary 
4394117393 
Closure of Inspire Solar, and the subsequent closure of 
the Green Tech Solar people have left me with no-one to 
contact to have my Inverters repaired, or replaced. I am 
unable to find a Repair Centre willing to contact me 
4216529405 
Conduits for DC cabling were glued with PVC cement and 
poorly installed allowing rain to enter the conduits. If the 
conduits were not glued then the accumulated rain 
would have been able to drain out and not buildup to 
reach the DC isolation switches live parts. 
3956637125 
Mid clamps slamping screw was made from aluminium, 
replacement is made of stainless steel 
3870536902 
Inspire Solar had gone into Liquidation, was very hard to 
find service 
4216529405 
Incorrect wiring (no string protection installed) 4 strings 
run in parallel to single MPPT 
3834996978 
Fault code D-27 ' relay open'. 4363779200 
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MAX POWER VOLTAGE: 17.5V
MAX POWER CURRENT: 3.43A
OPEN CIRCUIT VOLTAGE: 22.0V

















TEMPERATURE:  -40C TO +45C
DC BREAKERS
MANU: ABB
MODEL: 2CDS272001R0065 - S202MB6
RATED CURRENT: 6.0A













1. Spare shunts are spare
2. Refer drawing DOCUMENT GD 4-1-1 for front panel 
Enclosure A connections
3. Refer DWG-3 for enclosure B wiring diagram
1c, 4.0mm2 Cu PVC/PVC
2.5mm2
1c, 2.5mm2  Cu PVC
2.5mm2
1c, 2.5mm2  Cu PVC
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Fault Current Experiment Graphic
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MAX POWER VOLTAGE: 17.5V
MAX POWER CURRENT: 3.43A
OPEN CIRCUIT VOLTAGE: 22.0V
















PERMISSABLE OPERATING TEMPERATURE:  -40C TO +45C
Enclosure B
Wiring Diagram




MANU: BLUE SEA SYSTEMS
MODEL: 7050; 7052; 7053;
RATED CURRENT: 3A; 5A; 7A
RATED DC VOLTAGE: 32V DC
CHARACTERISTIC: THERMAL
POLES: 1 EACH
PERMISSABLE OPERATING TEMP: -10C TO 
60C ONLY
MANU: ABB
MODEL: 2CDS272001R0065 - S202MB6;10
RATED CURRENT: 6.0A; 10.0A
RATED DC VOLTAGE: 125V
CHARACTERISTIC: CURVE B
POLES: 2
GANGED ACROSS 2 POLES ONLY
DOCUMENT DWG-3
























































1. Fault terminals to enable wiring a fault 
into the system (see DOCUMENT DWG-3-2 
for an example)
2. Refer to drawing DOCUMENT GD 4-2-1 
for front panel Enclosure B connections
3. Refer to DWG-2 for Enclosure A wiring 
diagram
4. Refer to DWG-3-1 for MPPT and Battery 
connections
1c, 2.5mm2 Cu PVC
2.5mm2
1c, 2.5mm2 Cu PVC
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MAX POWER VOLTAGE: 17.5V
MAX POWER CURRENT: 3.43A
OPEN CIRCUIT VOLTAGE: 22.0V

















TEMPERATURE:  -40C TO +45C
DC BREAKERS
MANU: ABB
MODEL: 2CDS272001R0065 - S202MB6
RATED CURRENT: 6.0A
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MAX POWER VOLTAGE: 17.5V
MAX POWER CURRENT: 3.43A
OPEN CIRCUIT VOLTAGE: 22.0V
















PERMISSABLE OPERATING TEMPERATURE:  -40C TO +45C




MANU: BLUE SEA SYSTEMS
MODEL: 7050; 7052; 7053;
RATED CURRENT: 3A; 5A; 7A
RATED DC VOLTAGE: 32V DC
CHARACTERISTIC: THERMAL
POLES: 1 EACH
PERMISSABLE OPERATING TEMP: -10C TO 
60C ONLY
MANU: ABB
MODEL: 2CDS272001R0065 - S202MB6;10
RATED CURRENT: 6.0A; 10.0A
RATED DC VOLTAGE: 125V
CHARACTERISTIC: CURVE B
POLES: 2
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MAX POWER VOLTAGE: 17.5V
MAX POWER CURRENT: 3.43A
OPEN CIRCUIT VOLTAGE: 22.0V
















PERMISSABLE OPERATING TEMPERATURE:  -40C TO +45C
Enclosure B
Wiring Diagram




MANU: BLUE SEA SYSTEMS
MODEL: 7050; 7052; 7053;
RATED CURRENT: 3A; 5A; 7A
RATED DC VOLTAGE: 32V DC
CHARACTERISTIC: THERMAL
POLES: 1 EACH
PERMISSABLE OPERATING TEMP: -10C TO 
60C ONLY
MANU: ABB
MODEL: 2CDS272001R0065 - S202MB6;10
RATED CURRENT: 6.0A; 10.0A
RATED DC VOLTAGE: 125V
CHARACTERISTIC: CURVE B
POLES: 2
GANGED ACROSS 2 POLES ONLY
DOCUMENT DWG-3






















































1. Fault terminals to enable wiring a fault 
into the system (see DOCUMENT DWG-3-2 
for an example)
2. Refer to drawing DOCUMENT GD 4-2-1 
for front panel Enclosure B connections
3. Refer to DWG-2 for Enclosure A wiring 
diagram
4. Refer to DWG-3-1 for MPPT and Battery 
connections
1c, 2.5mm2 Cu PVC
2.5mm2
1c, 2.5mm2 Cu PVC
Note: Temporary Fault 
cable wirings are in light 
brown colour
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Appendix I: PVT Facility Title Design 






Pyranometer (SP-110) embedded into the “O” 






Front and Back View of 











Side View of Pyranometer
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